Purpose: There is a need for artificial intelligence which nurtures human intelligence as the prevalence of dementia and collapse of intelligence of human beings has become a social problem. Purpose of this study is to develop intervention technologies for maintaining cognitive health of older adults. Methods: The method named the Coimagination Method (CM) was proposed and has been developed in order to achieve goal. Conversation assistive technologies have been developed and tested based on the method. Results: The state of the art of the group conversation support system, and regular series of group conversation sessions for full-years with insights for healthy older adults are described in detail. Participatory approach has been applied to the design process for simultaneous research and implementation of the service. Both participants and practitioners have been maintaining their cognitive health for independent living. Conclusion: Findings imply that there exist potentially preventive types of dementia and intervention should be applicable for such types. Ways of thinking and living are gently intervened through understanding of personal values and broadening minds, which lead to improved quality of life.
INTRODUCTION
A third of older people now die with dementia [1] . Cognitive decline is prevalent in the modern society. Technologies for maintaining and completing intelligence of human have become much more important than ever before. Progress of artificial intelligence make people fear that they may overcome human intelligence [2] . Then, artificial intelligence which nurtures human intelligence should be investigated as well. The mechanism of dementia is still not clear, but aging is known as a major risk factor. The occurrence of dementia increases with age. It is reported that based on the eight large epidemiological studies, dementia prevalence ranges from 18 to 38% among those aged 85 and older, and from 28 to 44% among those aged 90 and older [3] . The decrease of dementia incidence with aging is a challenge and may have impact on society. Since ways of thinking, living and that of using cognitive functions associate with each other, intervention to ways of thinking and living may alter way of utilizing cognitive functions, which may lead to delay the collapse of functioning mainly caused by misuse. The research question is what the ideal way of thinking and living is for maintaining cognitive functions. From observation studies, good lifestyles are known as follows. Lifestyles which have good effects on physiological health are to have meals with antioxidant effects like Mediterranean diet [4] , exercises and physical activities which boost metabolism [5] . Lifestyles which have good effects on cognitive health are to be involved in cognitively stimulating activities like reading a newspapers [6] , and to keep enough social networks [7] . The author proposed and have been developing a novel intervention method named the Coimagination Method (CM) which may assist good lifestyle for maintaining cognitive health through well-prepared series of interactive conversation [8, 9] . In this paper, we describe the development of conversation assistive technology based on the CM with its design process and insights.
The Coimagination Method (CM)
The author proposed the method for enabling simultaneous intervention to intellectual activities and social network. The CM was invented which realize structured conversation for this purpose, since careful participation to conversations may serve as intellectual activities, and conversation itself, by its nature, a foundation of social network. Two rules are added for natural conversation so that participants are able to make use of three cognitive functions, which tend to decline with aging, and decline in particular for older adults with mild cognitive impairment. If the participants follow the rules, prepare and participate the Coimagination sessions carefully, episodic memory, divided attention, and planning functions are expected to be engaged. The first rule is that each participant has equal allocated time period for talk, questions and answers. The main purpose of this rule is to utilize divided attention function. The speakers need to divide attentions to providing topics or answering questions, and elapsed time at the same time for keeping time. The listeners need to divide attentions to understand topics or asking questions, and elapsed time simultaneously as well. The second rule is that participants prepare topics and photos beforehand according to the themes of the conversation sessions. The major objective of this rule is make use of episodic memory and planning functions. The participants plan to go out for finding topics which is suitable for the themes such as "favorite places in the neighborhood" or "small discoveries during or after 10 minutes walking". In this process, the planning functions should be engaged. In order to describe the topics during conversation session, the participants may memorize the episodes when they take photos, reserve the memories until the day of the session, and recall them when the turn for speech and answering questions. The method was named after the combination of "co"llective and "co"operative imagination. The participants are required to collect images and to share cooperatively with imagination. The ideal way of listening is to imagine the situations and feelings of each speaker. The ideal way of asking questions is to try to fill the gap of understanding between the speakers and listeners.
RESULTS

Group Conversation Support System
We have developed conversation support system for the Coimagination sessions. The system supports preparation, moderation, and analysis of the conversation sessions. The software system consists web servers, databases, and general web browsers or original client programs. The hardware consists computers, monitors or sets of projectors and screens, speakers or robots with speakers, tablets or smartphones. The users of the system are researchers, practitioners, and participants. Researchers monitor the usage of the system by practitioners and participants, and analyze the accumulated data. Practitioners prepare and moderate the sessions with the system. Participants take photos with the system implemented as application runs on either tablets or smartphones. In this paper, the system operations run by practitioners are described in detail.
Practitioners register the participants' information and data of series of conversation sessions. The conversation sessions are defined by numbers of participants, numbers of photos per participant, allocated times for speeches and discussions, themes of the conversation, the names and seating of participants and the submitted photos by participants. Practitioner moderate conversations with a help of the system. The moderator may be either practitioners or robots. If the practitioner run the system as manual mode, the practitioner serve as a moderator and operates the system manually. Following is the procedure to run the system manually.
The seating of the participants are displayed in the beginning (Figure 1 (a) ) . They click on each of the participants one after another. The menu for selecting buttons of either speech or discussion appear (Figure 1 (b) ). The practitioners click on the button of speech on the left. Then, a set of submitted photos are displayed on the screen (Figure 1 (c) ). If the numbers of the photos are two for each participants, two photos are displayed on the screen. The practitioner click on a set of displayed photos one after the other. If one of the photos are clicked, the enlarged photos is shown (Figure 1 (d) ). Elapsed time and allocated time are displayed on upper left side of the photos. When the time is over for a certain participant, "Time Over" sign may appear. After the first round for speeches of each participant is over, the second round for discussions on each topic provided by participants starts. Again, they click on each of the participants one after another (Figure 1 (a) ). The menu for selecting buttons of either speech or discussion appear (Figure 1 (b) ). This time, the practitioners click on the button of discussion on the right. After the second round for discussions of each participant is over, the session is closed. If the operator runs the system as automatic mode, the robot serves as a moderator and the system is operated automatically. Then, the robot describe the theme of the session, number of photos and allocated times for each participant.
Once the session starts, the photos are displayed one after the other for predetermined period. The robot turn to each participant one after the other and say "Please talk about the photo starting with when and where you took it". When the time for each speaker is over, the windows which display photos are closed and the robot says "Thank you for talking". Then the robot turn to the next speaker. After the first round for speeches of each participant is over, the second round for discussions on each topic provided by participants starts. The photos are displayed one after the other for each participant while the robot turn to each participant and say "Please discuss all together on the photo displayed." When the time for each photo is over, the robot may say "Thank you for discussion". After all photos are displayed for two rounds, the session is closed with the robot saying "Thank you for all. The Coimagination session is closed." The automatic mode has an optional function. If the system run as an automatic mode with a feedback function, the system monitors amount of speech of each participant and balances the amount of speech by assisting turn taking. If the total amount of speech of a particular participant is large, the robot asks the participants to stop talking by saying "Thank you very much." The robot points out the participant whose amount of speech is smallest and ask the participant to start talking bay saying "How about you?" The algorithm for balancing the amount of speech was proposed and its parameters are calculated from the collected conversational data [10] . The setup of the conversation support system running as an automatic mode with a feedback function is shown in Figure 2 . Participants are wearing microphones to collect data of the amount of speech. A photo provided by one of the participants are displayed on the screen. The robot is moderating in front of the screen facing all participants.
Design Process of Services and the Insights
We take participatory approach for designing and improving the CM and its assistive technologies and service programs [11] . The author founded research institute at the initial stage of this study in 2007. The name of the institute is "Fonobono Research Institute" where fonobono means heartwarming in Japanese. The purpose of the foundation of this institute is to be served as a platform Figure 2 . The setup of the group conversation support system running as an automatic mode with a feedback function. Figure 3 . One of the photos provided for the session whose theme was meals in the end.
for participatory research towards realization of society without preventive dementia by developing and providing heartwarming technologies and services which promote good lifestyle among friendly communities. The research institute has been registered as nonprofit organization of a local government since 2008, so that the practitioners and participants can belong to the organization. The initial practitioners are healthy older adults who were originally participants of the Coimagination sessions. Those who get interested in practices and researches are joined. Practitioners provide regular series of sessions for fullyears since 2011. Some of the initial members are over 90 years old in 2018, and they are active participants and practitioners. Both participants and practitioners are maintaining their cognitive functions necessary for independent livings. The group conversation support system has been tested and its usability has been progressing through the sustained usages. We exploratory investigate the long term effect of participating The Coimagination sessions on their cognitive lifestyle. One of the effects is a homework effect. Participants of regular series of sessions are always thinking about the themes, taking photos and finding topics like a homework for the next session. Participating the conversation session is like checking the answers, although the numbers of the answers are the same as those of the participants. Similar photos are provided by different participants sometimes. Totally different photos are provided by participants sometimes although the theme of the session is common. Through sharing the topics with photos to the same theme, participants can broaden their minds which may diverse the way of thinking and living.
We have been investigating the effective themes which may involve cognitive functions as much as possible, as well as improving quality of life, through thinking about the themes, taking photos and finding topics according to the themes, and sharing topics with photos among participants. Some themes are proposed by the practitioners. Other themes are derived from the discussions with researchers in diverse research areas. Here we describe the tested and popular set of themes based on the idea of advanced care planning of healthy older adults in the context of the end of life care. Following themes were proposed through the discussion with nursing professionals and practitioners: meals in the end, things to be discarded, things difficult to be discarded, and things to be left behind. The photo in Figure 3 is one of the photos provided by one of the participants for the session whose theme was meals in the end. The participants mentioned that the mineral water in the bottle was obtained from the source of spring nearby his hometown. He wished to have the water for the drink in the end. The participants could imagine their end of lives in a positive way. They could understand their personal values through thinking about the themes which may help the decisions of the ways of living and dying. The memorable comment of one of the participants was that "We prefer to think about the enjoyment of life rather than the end of life." In the comment, the idea of the enjoyment of life and the end of life are op-posed to each other. From other comments by participants suggest that thinking about the enjoyment of life and the end of life does not conflict with each other. Rather, they could enjoy thinking about the things to be discarded. One of the typical comments is as: It was a good opportunity to think about the things to be discarded. I got to know through the conversation that we had difficult times for cleaning up because there are so many unwanted things and things to be left behind. The experience was helpful to understand special things of myself and difference with others.
DISCUSSION
The CM has been applied mainly to community-dwelling healthy older adults. The related method is Reminiscence therapy [12] . It involves the discussion of memories and past experiences with other people using tangible prompts such as photographs or music to evoke memories and stimulate conversation. Reminiscence therapy is implemented widely in a range of settings using a variety of formats. We can apply the CM to Reminiscence therapy since the CM provides conversation format, which is not defined by the kinds of topics. Although the CM is possible to be combined with Reminiscence therapy, the focus of the CM is on present and future. The strength of the CM is that participants can update their memories forwardly to create their future life history from present and accumulate their memories until the very end of life if their memory functions remain. The limitation of the method results from the same reason that some of the steps such as taking photos cannot be done if participants have already lost their cognitive functions. In such cases, some of the steps are omitted as well as their expected effects are lost. We have applied the method experimentally to people in various situations for the purpose of making clear the limitations and applications of the method, and required adaptation to various individuals [13] . Protocol of the Coimagination sessions has been customized to meet the cognitive level of participants. We collaborated with care facilities, hospitals, and care prevention facilities. The practitioners of each facilities are occupational therapists, clinical psychotherapists, nurses, children nurses, care givers, and healthy older adults. The participants range from healthy older adults, older adults with mild cognitive impairment, and older adults with mild to moderate dementia. The first round for speech is omitted or the allocated time for speech is kept shorter for people with dementia because they forget the photos even if they took them by themselves. Only manual mode has been applied to such people. Application of automated mode of the system with assistive optional functions is one of the technological challenges. Two types of support systems are under development. One is the remote conversation support systems which share the same images simultaneously at different sites for older adults who have difficulty in going out of their homes. Another is the dialogue support systems where the robot provides topics with images and accepts questions and give answers for older adults who do not prefer social contact with people but would like to maintain their cognitive health.
CONCLUSION
This paper described the development of conversation assistive technology based on the CM for the purpose of maintaining cognitive health to prevent age-related cognitive decline and dementia. State of the art of the group conversation support system was demonstrated. It has been developed and been progressing successfully. Moderation by the robot with the functioning of balancing the amount of speech enabled standardized implementation of services based on the CM. Participatory approach has been applied to the design process for simultaneous research and implementation of the service. Both participants and practitioners have been maintaining their cognitive health and independent living. The other types of implementation of the services and systems are also referred and discussed. We convince that there exist the potentially preventive types of dementia through practices, which is also pointed out from meta-analysis [1] , and intervention should be applicable. The ways of thinking and living are gently intervened through understanding personal values and broadening minds, which lead to improve the quality of life. Future work includes but not limited to: randomized controlled trials in a variety of settings would be tested so as to decompose the key factors for intervention; Systems and robots which enable implementation of the CM in person so that anyone who are willing to maintain cognitive health may make use of them at anytime, anywhere; The relationship between personalities and cognitive health needs to be studied for individually adapted systems and services to maximize the effect of intervention.
